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°f  SrmptMnatic  responses  of  eight  college  female 
-  exposure  was  conducted  at  Pikes  Peak,  Colo- 

wda  (alntwde  H.UO  feet).  Significant  illuess  occurred  during 
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SYMPTOMS  encountered  during  acute 
high  altitude  exposure  have  been  recorded  for 
more  than  70  years.’-'*  -  More  recently,  a  number  of 
attempts  have  been  made  to  more  accurately  describe 
their  nature  and  severity,  as  well  as  the  underlying 
mechanisms  responsible  for  their  occurrence.3-"' 

*°  date>  ail  of  the  cuni-al  observations  on  the  svmnto- 
matie  response  of  humans  to  altitude  have  been  ob¬ 
tained  from  men  with  the  exception  of  nvo  reports, 
written  prior  to  1920,  containing  comments  about 
Penman  women  at  altitude.'  --  These  reports  suggest 
tne  se\  erity  of  altitude  sickness  is  less  in  women  than 
m  men.  We  had  the  opportunity  to  observe  college 
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questionnaires.  Blood  pressure  (cub),  heart  rate,  and 
respiratory  rate  were  recorded  in  duplicate  each  day 
before  arising.  Routine  electrocardiograms,  vector¬ 
cardiograms  and  chest  x-ravs  were  taken  at  altitude, 
and  the  effect  of  altitude  on  menstrual  cvcle  was  also 
observed. 

Several  commonly  prescribed  medications  were  given 
for  the  relief  of  high  altitude  symptoms  and  a  gross 
evaluation  of  their  beneficial  effect  was  conducted. 
Distribution  of  the  medicines  in  an  experimentally 
controlled  manner  was  not  attempted  and  the  name 
and  dosage  of  each  one  used  was  known  to  the  subject. 

Affirmative  answers  to  the  medical  and  psychological 
symptom  questionnaires  were  scored  on  a  scale  of  0  -  4 
representing  th'-  degree  of  discomfort  experienced, 
which  varied  irom  minimal  to  very  severe  (Table  I). 
Each  subject  was  also  required  to  give  an  additional 
comment  in  her  own  words  regarding  each  symptom 
she  experienced.  This  latter  information  was  useful  in 
ascertaining  'he  accuracy  of  the  questionnaire  ratings 
given  by  the  subject.  From  information  obtained  in 
previous  high  altitude  studies,  the  authors  feel  that  fre- 

TABLE  I.  HIGH  ALTITUDE  QUESTIONNAIRE 
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An  evaluation  of  symptomatic  responses  of  eight  college  females 
to  high  altitude  exposure  was  conducted  at  Pikes  Peak,  Colo¬ 
rado  (altitude  14,110  feet).  Significant  illness  occurred  during 
the  first  four  days  at  altitude,  with  the  predominant  complaints 
being  headache,  drowsiness,  fatigue  and  insomnia.  Only  minimal 
gastrointestinal  and  cardiorespiratory  symptoms  were  noted.  A 
reduction  in  blood  pressure  and  elevation  of  resting  pulse  and 
respiratory  rate  was  observed.  The  electrical  activity;  and  x-ray 
appearance  of  the  heart  remained  within  normal  limits  during 
the  ten-week  stay.  Menstrual  changes  at  altitude  consisted  of 
decreased  flow  in  five  girls.  The  response  of  several  medications 
given  for  the  symptoms  of  altitude  sickness  was  evaluated. 


TIAEDICAL  SYMPTOMS  encountered  during  acute 
high  altitude  exposure  have  been  recorded  for 
more  than  70  years.1*15-1*  More  recently,  ?  number  of 
attempts  have  been  made  to  more  accurately  describe 
theii  nature  and  severity,  as  well  as  the  underlying 
mechanic.  '.s  responsible  for  their  occurrence.3-5  ,  IS-  9  -,  -r 
To  date,  all  of  the  clinical  observations  on  the  sympto¬ 
matic  response  of  humans  to  altitude  have  been  ob¬ 
tained  from  men  with  the  exception  of  two  reports, 
written  prior  to  1920,  containing  comments  about 
Peruvian  women  al  altitude/3--5  These  reports  suggest 
the  severity-  of  altitude  sickness  is  less  in  women  than 
in  men.  We  had  the  opportunity  to  observe  college 
females  at  their  normal  low  altitude  residence  and  dur¬ 
ing  a  ten-week  period  of  residence  at  the  summit  of 
Pikes  Peak.  Colorado  (altitude  14,110  feet).  This  re¬ 
port  concerns  the  symptomatology-  experienced,  and 
certain  clinical  findings  encountered,  during  their  initial 
period  of  altitude  exposure. 

METHODS 

Eight  University  of  Missouri  coeds  xvithout  prior  high 
altitude  exposure,  were  selected  on  the  basis  of  having 
a  normal  medical  profile  as  determined  by  medical 
history,  physical  examination,  complete  red  and  xvhite 
blood  cell  count,  electrocardiogram,  chest  x-ray.  pul¬ 
monary  function  tests  and  an  exercise  tolerance  test. 
In  addition,  the  emotional  maturity  and  stability  of  the 
girls  xvere  grossly  evaluated  because  of  the  expected 
stress  of  isolation  inherent  in  living  in  a  high  altitude 
environment  for  several  weeks. 

Clinical  observations  xvhich  xvere  conducted  for  four 
days  prior  to  ascent  and  during  the  first  three  xveeks  at 
altitude  consisted  of  detailed  questioning  in  the  form 
of  oral  conterences  txvice  daily  and  multiple  daily 
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questionnaires.  H'ood  pressure  (cult),  heart  rate,  and 
respiratory  rate  xvere  recorded  in  duplicate  each  day 
before  arising.  Routine  electrocardiograms,  vector¬ 
cardiograms  and  chest  x-rays  xvere  taken  at  altitude, 
and  the  effect  of  altitude  on  menstrual  cycle  xx-as  also 
observed. 

Several  commonly  prescribed  medications  xvere  given 
for  the  relief  of  high  altitude  symptoms  and  a  gross 
evaluation  of  their  beneficial  effect  xvas  conducted. 
Distribution  of  the  medicines  in  an  experimentally 
controlled  manner  xvas  not  attempted  and  the  name 
and  dosage  of  each  one  used  xvas  knoxvn  to  the  subject. 

.Affirmative  ansxvers  to  the  medical  and  psy  chological 
symptom  questionnaires  were  scored  on  a  scale  of  0  -  4 
representing  the  degree  of  discomfort  experienced, 
xvhich  varied  from  minimal  to  very  severe  (Table  I). 
Each  subject  xvas  also  required  to  give  an  additional 
comment  in  her  own  xvords  regarding  each  symptom 
she  experienced-  This  latter  information  xvas  useful  in 
ascertaining  the  accuracy  of  the  questionnaire  ratings 
given  by  the  subject.  From  information  obtained  in 
previous  high  altitude  studies,  the  authors  feel  that  fre- 

TABLE  I.  HIGH  ALTITUDE  QUESTIONNAIRE 


Medical  Symptoms* 


Cardiorespiratory 
Chest  tightness 
*  Chest  pain 
Palpitations 

•Shortness  of  breath  (rest) 
SLortness  of  breath  (exercise) 
Irregular  breathing 
Coughing 
Runny  nose 

Very  dry  nose  or  throat 
Sore  throat 

Common  cold  (with  fever) 
Cyanosis  of  nose  or  ears 

Gastrointestinal 
•Nausea 
•Vomiting 
Constipation 
•Diarrhea 
•Stomach  cramping 
Increased  intestinal  gas 
Severe  indigestion 


General 
•Very  fatigued 
•Poor  sleep 
Change  in  appetite 
Change  in  thirst 

Central  Servous  System 
•Headache 
Visual  change 
Auditory  change 
Change  in  smell  or  taste 

Urinary 

Oliguria 

•Dysuria 

Nocturia 

Hesitancy 

Musculoskeletal 
•Generalized  muscle  aches 
•Joint  pain  or  stiffness 
Back  or  neck  stiffness 


Drowzy 

Happy 

Pleased 

Satisfied 

Comfortable 

Energetic 


Psychological  Symptomsf 
Depressed 
Vigorous 
Refreshed 
Angry 


>*When  present,  these  medical  symptoms  were  considered  by  investigators 
be  most  disabling  in  terms  of  daily  activity  performance. 
fRatcd  by  degree  of  discomfort  (None-Mild-Moderate-Moderatcly  Severe- 
Severe)  . 
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quent  and  detaied  oral  and  written  questioning,  con¬ 
ducted  in  this  manner,  presents  the  most  useful  and  ac¬ 
curate  picture  qf  high  altitude  symptomatology.  This 
statistical  significance  of  the  questionnaire  data  was 
determined  by  [analysis  of  variance  (Figure  1),  and 
:  by  tflaiiwrdec analysis  (Figures  2-5). 


ACUTE  ALTITUDE  SICKNESS  IN  FEMALES— HARRIS,  ET  AL 
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Fig.  1.  Illness  scale  as  determined  from  questionnaires — mean 
values.  Those  symptoms  designated  by  an  asterisk  in  table  1 
were  given  a  value  of  2  in  this  illustration;  all  other  symptoms 
have  a  value  of  1. 
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Fig.  2 

Figs.  2  -  5.  Degree  and  duration  of  symptoms  at  altitude. 
Dots  represent  individual  values.  Bars  show  mean  values.  Low 
altitude  control  values  obtained  during  the  four  days  prior  to 
ascent  are  shown.  S  —  significant  (P  <0.05)  change  from  low 
altitude  control  values. 

1164  Aerospace  Medicine  •  November  1966 


tsn.0 


tc  v<  at 


■r 9% 
SCVtftX 


MOO 


ttn  tstt  tsts 
.  HUNGER 


ns  tts 


.;.y 

■,v. 

w 

m 

m 

'it 

£; 

d 

>: 

id 

M 

M 

% 

MvtNC 

woo 

SEVERE 

MOO 

M*LD 


«  ABDOMINAL  CRAMPS 


DAYS  4  9  2i 

ALTITUOC  LOW 


i  2  5  4 


at.  ™  m. 

5  4  7 


Fig.  3 


SEVERE 


SEV?8t 


INSOMNIA 


DAYTIME  DROWSINESS 


MOD 

SEVERE 


!%♦/ 

m 


1 

1 

m 


SEVER! 


MOD 

SEVERE 


MOO 


FATIGUE 


k 


DAYS  4  9  2  1 

ALTITUDE  LOW 


12  3  4 

HIGH 


5  e 


Fig.  4 


<  v 


ACUTE  ALTITUDE  SICKNESS  IN  FEMALES — HARRIS,  ET  AL 


scvtac  m 

»oo 

MVftt  5 
MOO  -  2 


PALPITATIONS 


MILO  -I 
NON*  lo 


scvcftc 


MOO 

KVCW 


4  SHORTNESS  Of  BREATH 


MILO  L-  I 


MONt  l  o  :n: 


DAYS 

ALTITUOC 


:  2 
LOW 


2  3  4  3 

NIGH 


Fig.  5 


RESULTS 

During  the  first  four  days  at  altitudes  there  was  a 
period  of  significant  debilitation  experienced  by  the 
group  of  eight  girls  (Figure  1).  By  the  fifth  day  at  alti¬ 
tude  there  was  no  difference  in  the  total  numbei  of 
symptoms  experienced  at  altitude  when  compared  to 
the  last  four  days  at  sea  level.  The  duration  of  the 
illness  shovTi  in  Figure  1  appears  to  be  somewhat 
similar  to  the  illness  spectrum  reported  in  males  ex¬ 
posed  to  high  altitude,11-14'19'27  The  degree  and  dura¬ 
tion  of  discomfort  due  to  several  selected  symptoms 
at  altitude  is  shewn  in  Figures  2-5.  Of  interest  is  the 
frequency  and  severity  of  general  complaints  such  as 
fatigue,  drowsiness,  headache,  irritability  and  insomnia 
and  the  infrequent  and  minimal  difficult)’  from  gastro¬ 
intestinal  and  cardiorespiratory  symptoms.  Headaches 
were  generally  frontal  or  temporal  in  location  and  only 
rarely  were  experienced  posteriorly.  Insomnia,  which 
was  experienced  by  all  girls  during  the  first  four  nights 
at  altitude,  was  associated  with  Cheyne-Stokes  respira¬ 
tion  in  every  case.  A  gross  estimation  by  the  girls  of 
the  average  period  of  sleep  during  the  first  two  nights 
at  altitude  was  about  four  hours.  Daytime  drowsiness 
seemed  most  prominent  during  the  morning  and  in  the 
late  afternoon;  however,  general  fatigue  and  irritability 


were  unchanged  throughout  the  day.  No  recognizable 
pulmonary  edema  or  other  serious  illnesses  occurred. 

A  prompt  reduction  in  systolic  and  diastolic  blood 
pressure  was  observed  after  twenty-four  hours  of  alti¬ 
tude  exposure  and  remained  lower  than  sea  level  values 
for  about  two  weeks  (Table  II).  It  should  be  noted 
that  the  blood  pressure  determinations  at  sea  level 
were  made  at  noon  following  a  short  rest,  whereas,  the 
altitude  values  were  obtained  in  the  morning  before 
arising.  An  actual  drop  in  blood  pressure  at  altitude 
probably  occurred,  however,  as  a  rebound  in  blood 
pressure  was  noted  on  the  second  day  at  altitude  which 
almost  reached  sea  level  values.  The  expected  rise  in 
heart  and  respiratory  rate  was  also  observed  (Table 
II).  Chest  x-rays,  electrocardiograms  and  vectorcardio¬ 
grams  taken  at  altitude  revealed  measurable  changes 
from  those  taken  at  sea  level,  but  all  remained  within 
normal  limits. 

Small  changes  were  noted  in  the  average  duration 
and  cycle  length  of  menstrual  periods  at  altitude,  and  a 
reduction  in  cycle  length  was  noted  for  two  months 
after  returning  to  low  altitude  (Figure  6).  A  decrease 
in  the  amount  of  menstrual  flow  was  noted  by  five  of 
the  eight  girls  during  the  first  two  months  at  altitude. 
Two  of  these  girls  considered  the  reduction  to  be  mod¬ 
erate;  however,  three  girls  noted  minimal  to  absent 
flow.  Only  minimal  changes  were  noted  at  altitude  in 
symptoms  frequently  associated  with  menstrual  periods 
(Table  III). 


MENSTRUAL  DATA- 8  SUBJECTS 


MARCH  ARR.  MAY  JUNC  JULY  AUt.  SCAT.  OCT  NOV. 

Fig.  6.  Menstrual  period  duration  and  cycle  length — mean 
values. 


TABLE  II.  AVERAGE  BLOOD  PRESSURE,  PULSE,  AND  RESPIRATORY  RATE* 

(8  Subjects) 


Sea  Level  Days  at  Altitude 


1 

2 

3t 

4t 

5t 

6 

7 

9 

11 

16 

Systolic  BP 

115.2 

104.B 

112.5 

107.8 

107.5 

108.6 

1094 

106.2 

105.5 

105.8 

106.0 

Diastolic  BP 

72.0 

67.7 

70.0 

71.8 

71.1 

70.3 

71.4 

69.9 

70.0 

69.1 

69.1 

Pulse  Rate 
(min.) 

76.1 

87.5 

88.0 

77.5 

75.4 

74.6 

77.6 

75.1 

C9.5 

72.0 

74.5 

Respiratory  Rate 
(min.) 

12.0 

13.3 

14.5 

14.5 

13.1 

14.0 

12.8 

13.7 

13.1 

11.2 

11.4 

•All  measurements  at 

altitude 

were  taken 

in  A.M. 

before 

arising. 

Sea  level 

values 

were  recorded  at 

noon 

following  20  minutes  of  rest. 
■^Measurements  based  on  7  subjects. 
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TABLE  in.  MENSTRUAL  CHANGES  AT  ALTITUDE* 
(8  Subject*) 


Symptom 

Type  o 1  Chaage  (No.  ol  girls) 

Increased 

Decreased 

Unchanged 

Gem.  Strength 

© 

2 

S 

Flow  (amount) 

t 

5 

2 

Abdominal  cramp* 

2 

i 

5 

Headache 

1 

i 

6 

Nausea 

1 

t 

6 

Irritability 

2 

i 

5 

lubcbt 

1 

0 

7 

■Change  with  rapect  to  the  usual  degree  ol  menstrual  symptomatology. 


The  subjective  responses  at  altitude  to  several  com¬ 
monly  prescribed  symptomatic  medications  are  shown 
in  Table  IV.  The  number  of  medicines  and  the  num¬ 
ber  of  trials  were  limited,  however,  this  evaluation  re¬ 
vealed  the  mediocre  response  of  most  of  the  medicines 
used  in  reducing  acute  high  altitude  symptoms.  Salicy¬ 
lates  seemed  to  have  a  beneficial  effect  on  headache 
and  muscular  complaints,  but  the  response  of  the  sub¬ 
jects  to  other  medicines  was  inconclusive.  This  limited 
evaluation  demonstrates  the  need  for  more  detailed  in¬ 
vestigation  concerning  the  prevention  and  therapy  of 
acute  altitude  sickness. 

DISCUSSION 

Clinical  descriptions  of  acute  altitude  sickness  in 
males  have  been  available  for  many  years,3-1-1'11’”  how¬ 
ever,  there  are  relatively  few  recent  descriptions 
and  fewer  deliberate  clinical  studies  of  this  ill- 
ness.1419-19'20'24'27  Almost  all  reports  have  noted  the 
predominant  symptoms  of  altitude  sickness  to  be  head¬ 
ache,  fatigue,  breathlessness,  and  anorexia.  Nausea  and 
vomiting  are  common  and  insomnia  occurs  during  the 
first  week,  in  spite  of  excessive  fatigue.  Other  frequent¬ 
ly  reported  complaints  include  chest  tightness,  chest 
pain,  Cheyne-Stokes  respiration,  sinus  pain,  lumbar  and 
flank  pain,  leg  cramps,  abdominal  cramps,  increased 
sensitivity  to  low  temperature  and  nervous  and  mental 
disturbances.11-27  Changes  in  mood,  in  memory  and  in 
the  ability  to  perform  complex  mental  tasks  and  make 
decisions  are  examples  of  the  latter.  The  onset  of  these 
difficulties  is  usually  about  8-24  hours  after  arrival  at 


altitude  and  generally  continues  for  the  first  3-4  days, 
but  in  some  cases  may  continue  for  several  more 
days.*4,20 

In  the  present  study,  significant  illness  was  experi¬ 
enced  about  12  hours  after  arrival  at  altitude.  Symp¬ 
toms  began  to  subside  on  the  second  altitude  day  and 
reached  control  values  by  the  fifth  day.  As  in  males, 
the  complaints  of  headache,  drowsiness,  fatigue  and  in¬ 
somnia  were  most  prominent;  however,  of  particular  in¬ 
terest,  is  the  very  low  incidence  of  gastrointestinal  and 
cardiorespiratory  symptoms.  Nausea  was  noted  by  only 
two  girls  and  was  associated  with  vomiting  in  one.  The 
sensation  of  hunger,  admittedly  more  difficult  to  esti¬ 
mate,  was  only  slightly  depressed  during  the  second 
and  third  day,  and  in  only  one  case  was  there  an  actual 
loss  of  appetite.  This  is  in  contrast  to  the  frequent  and 
occasionally  severe  gastrointestinal  symptoms  usually 
reported  for  males  and  experienced  by  the  male  in¬ 
vestigators  and  technicians  during  this  study.  Weight 
loss,  which  is  in  part,  a  reflection  of  appetite,  averaged 
less  than  one  kg  during  the  first  week  at  altitude; 
whereas,  an  average  loss  of  2.4  kg  was  noted  in  eight 
men  of  similar  age  during  one  week  at  this  altitude.* 

The  sensation  of  palpitations  at  rest,  shortness  of 
breath,  chest  tightness  and  chest  pain — fairly  common 
complaints  in  males — were  rarely  experienced  by  the 
girls.  The  explanation  for  these  differences  in  the 
symptomatic  response  of  females  and  malts  to  acute 
altitude  exposure  is  unknown,  but  this  observation 
would  seem  to  agree  with  the  two  available  observa¬ 
tions  recorded  more  than  45  years  ago,  regarding  alti¬ 
tude  sickness  in  females:  “As  a  rule,  females  are  sup¬ 
posed  to  suffer  less  than  males”13  and  “I  think  on  the 
whole  that  women  suffer  less  than  men.”25 

The  blood  pressure  in  males  during  acute  altitude  ex¬ 
posure  has  been  observed  to  rise14  to  remain  un¬ 
changed,  or  to  decline.11-21  The  fall  in  systolic  and 
diastolic  pressure  in  the  study  was  small  and  not  asso¬ 
ciated  with  clinical  symptoms  or  signs  of  hypotension. 
This  change  in  blood  pressure  would  coincide  with  the 
suspected  reduction  in  peripheral  vascular  resistance 
and  in  blood  volume  which  occurs  during  early  altitude 
exposure. 21:0  The  observed  rise  in  pulse  and  respira¬ 
tory  rates  are  of  the  magnitude  observed  in  males  at 
this  altitude.  n,2G 

A  reduction  in  the  amount  of  menstrual  flow  in  five 


TABLE  IV.  MEDICATION  RESPONSE  AT  ATTITUDE 


Medicine 

Complaint 

Dosage 

No.  of  Trials 

Responses 

Acctylsalicylic  Acid 
(Aspirin) 

Headaches 

Muscle  Aches 

0.6  gins 

22 

Good — usually  relief 
within  2  hours 

Dcxtro  Propoxyphene 
(Darvon) 

Headaches 

Backaches 

65  mg 

16 

Fair 

Acetylsalicylic  Acid, 
Acetophenetidin  and 
Caffeine 
(AFC) 

Headaches 

Muscle  Aches 

2  tablets 

14 

Fair 

Darvon  plus  APC 

Headaches 

Muscle  Aches 

32  mg  plus 

2  tablets 

18 

Fair  to  good 

Prochorperozine 

(Compazine) 

Nausea 

10  mg  (orally) 

3 

Fair  to  poor 

Tripelennamine  Hcl 
(Pyribenzaminc) 

Sinus  Fullness  or 

Pain  50  mg 

3 

Fair 

Secobarbital  Sodium 
(Seconal) 

Insomnia 

0.1  gm 

4 

Fair  to  good 
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girls  during  ihe  first  two  months  is  of  some  interest. 
Slight  irregularity  in  the  onset  of  menstrual  periods 
and  in  the  amount  of  flow  is  not  uncommon  in  young 
females  under  normal  circumstances.  Whether  the 
diminished  flow  noted  by  the  girls  was  related  to  high 
altitude  exposure  per  se,  or  to  a  generally  stressful 
situation  is  not  known.  It  may  be  that  the  reduced 
menstrua!  flow  is  a  physiologic  attempt  by  the  body  to 
conserve  blood  loss  and  thus  help  the  demand  for  in¬ 
creased  RBC  volume.  This  is  only  unsubstantiated  sup¬ 
position  and  it  will  be  necessary  to  investigate  pituitary- 
ovarian  hormonal  relationships  at  altitude  before  the 
observed  changes  are  better  understood . 

There  have  been  many  attempts  at  both  preventing 
and  ameliorating  the  effects  of  altitude  exposure. 
Studies  for  this  purpose  have  been  conducted  using 
potassium  chloride,"  potassium  chlorate,22  ammonium 
chloride,4  epinephrine-like  compounds, 17  cobalt-in¬ 
duced  polycythemia, 10  packed  red  cell  infusions,23  car¬ 
bon  dioxide  inhalation,7  amphetamines, 12  codeine,12 
acetazolamide/-  methylene  blue '  and  many  other  com¬ 
pounds.  Apparently  only  ammonium  chloride,  potas¬ 
sium  chloride,  amphetamine,  ccdeine  and  possibly 
methylene  blue  have  been  administered  to  subject 
groups  large  enough  for  results  to  be  meaningful.  Am¬ 
monium  chloride,  potassium  chloride  and  amphetamine 
provided  very  little  symptomatic  relief,  whereas,  methy¬ 
lene  blue  and  codeine  were  possibly  of  benefit.  Aspirin 
has  been  shown  to  be  effective  for  the  relief  of  head¬ 
aches  at  altitude  141!‘  and  was  considered  to  be  very 
beneficial  in  this  study.  The  rather  indefinite  response 
of  sev  eral  other  commonly  used  medicines  which  were 
given  in  this  study  for  the  symptoms  of  headache, 
muscle  aches,  nausea,  sinus  fullness  and  insomnia 
(Table  4),  suggests  that  further  attempts  at  reducing 
high  altitude  symptoms  might  best  be  aimed  at  preven¬ 
tive  rat1  er  than  suppressive  therapy. 
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